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See also: Presentation by Chinmay Hegde – Friday,13.07.2024 at 11:30 am, Graf-Soden-Zimmer 
“Development of an autonomous process for the selective extraction and 

precipitation of carbonates from mining waste”

 Carbon capture, utilization and storage (CCUS) is an effective approach for
the removal of already-emitted CO2.

 Mine tailings and wastes, rich in Calcium and Magnesium, are used as
sources for Carbonation.

Goal: The primary objective of the project is to:

Selective precipitation of high-purity CaCO3 and MgCO3 with defined
particle size.

Develop an autonomous, self-learning process chain for the creation of
Self-Learning Robust Autonomous Controller (SLARC).
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FUTURE ENDEAVORS
 Complete model development for the autonomous control of selective precipitation.

 Model parameter estimation for control of crystal morphology and particle size distribution.

 Further optimization of the selective precipitation process to maximize the product output.

 Close the mass balance loop by incorporating the recycling of the acids and bases used.
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3. MODEL DEVELOPMENT
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Population balance equation –

Change in concentration for CaCO3 in aqueous state –
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where, Growth rate: 𝐺 𝑡 ൌ 𝑘௚ 𝑆 ௚
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Carbonate precipitation

• Extracted Ca2+ and Mg2+ from the mine 
tailings are carbonated as –
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• Solubility product (Ksp) and 
Supersaturation ( ) pH dependency is –
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pH-swing process for Selective precipitation of CaCO3 and MgCO3 

• pH swing process used to achieve
indirect carbon capture.

• Ca2+ and Mg2+ extracted at low pH
conditions.

• Carbonate precipitation preferred at
higher pH values.
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Figure: CO2 capture, storage and utilization

Figure: Solubility curve for CaCO3 and MgCO3

Figure: Selective precipitation  of CaCO3 and MgCO3 by alternate addition of CO2 and NaOH

Figure: (a) XRD analysis of model and extraction solution 

(b) SEM image: [i] Calcite (extraction sol.) [ii] Vaterite (model sol.)

Figure: XRD analysis of Nesquehonite 
precipitation via intermediate Brucite
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Figure: Semi‐batch process model for 
Selective Precipitation

• pH shifted by alternative addition of CO2 and NaOH.

• CaCO3 and MgCO3 precipitated selectively one
after another.
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